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INTRODUCTION 


Work  reported  by  Krankford  Arsenal  in  FA-TR-75064, 
Alternate  Solvents  For  Benzene  In  Nitrocellulose  Recovery 
(August  1975),  and  in  FA-TR-76049,  Hazards  and  Risk  Analy- 
sis Of  Deterrent  Extraction  Process  With  Alternate  Solvent 
(December  1975),  indicated  that  methylene  chloride  could 
serve  as  a replacement  solvent  for  benzene  in  the  removal 
of  deterrents  from  FNH  in  the  RAAP  extraction  process. 

The  major  objectives  of  the  present  program  con- 
ducted at  Olin-St.  Marks  were  to  scale-up  Frc.  ikford 
Arsenal's  laboratory  findings  to  Pilot  Plant  equipment; 
define  the  operating  conditions  for  a BAAP  production 
unit;  and  prepare  100  lb  each  of  WC  870  and  WC  846  type 
propellants . 

This  report  details  the  experimental  work  conducted 
at  St.  Marks  to  accomplish  the  objectives  above. 
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1-XPI-K IMliNTAI,  DISCUSSION 


FNH  Kxt  ract  ion  Work  Plan 


A "Tost  Program  l'or  Pilot  Plant  NC  Recovery 
using  Di  chi  oromot  .liano  as  l ho  Extracting  Solvent", 
(Appondrx  A),  was  supplied  ]>y  I-'rank  ford  Arsenal  as 
a guideline  for  setting  up  a Pilot  Plant  extraction 
procedure.  A work  plan  established  for  the  extrac- 
tion and  solvent  stripping  work,  (Appendix  B) , was 
set  up  using  the  test  program  as  a starting  point. 

The  extraction  portion  of  the  work  plan  was 
designed  t o test  countercurrent  extraction  proce- 
dure;; at  3 13°C.  in  10,  100  and  1000  gallon  vessels. 
The  10  gallon  vessel  was  to  be  used  to  determine 
the  solvent  to  propellant  ratio,  the  n>imber  of 
stages  required,  and  the  duration  of  each  stage. 

Once  a procedure  for  reducing  the  contaminants  in 
the  propellant  to  less  than  1.0  weight  percent  had 
been  established,  a few  extractions  in  a 100  gallon 
vessel  wore  to  be  conducted  both  to  confirm  the 
results  of  the  10  gallon  extraction  and  to  evaluate 
the  reuse  of  solvent.  One  final  extraction  in  the 
1000  gallon  vessel  was  planned  in  order  t.o  confirm 
the  tests  in  the  100  gallon  vessel,  to  evaluate  the 
process  in  near-production  size  equipment,  and  to 
produce  sufficient  material  for  processing  into 
finished  propellant. 

Following  the  final  stage  of  each  counter- 
current-  extraction,  the  solvent  was  to  be  stripped 
from  the  FNH  and  the  FNH  analyzed  to  determine  the 
residual  modifier  and  solvent  levels.  Target  levels 
were  1.0%  or  less  for  the  residual  modifiers  and 
about  0.13%  for  residual  solvent  in  the  extracted 
FNH. 


The  How  pattern  tor  such  extractions  can  Led  out  in 
three  stages  is  shown  in  Figure  I. 
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FIGURE  1 

COUNTERCURRENT  EXTRACTION  PROCEDURE  FOR  THREE  STAGE  EXTRACTION 
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PN11  Kxtidct  ion  And  St  lipping 


lit'  J ow  .lie  (1 1 soussed  the  t'xliaction:;  conduct  ed  ■ 
A :;umm,iiy  o)  nil  ol  the  t‘Xl  i ,tot  ions,  including  pro- 
cedure, and  icsidnal  modifier  and  solvent,  content 
is  shown  in  Table  1. 

Table  1.  Summary  of  Extraction!;  0 35°C. 

Length 


Ext t no- 

Number 

Ot 

Sol  vent 

Pinal 

i 

t ion 

Of 

Stage 

to 

Pd  r. 

Ext  ract. i on 

Pinal  % 

% 

] 

A 

Numbe, 

S L ages 

(hrs . ) 

Rat  io 

Si  ze  (lbs. ) 

Mod if iei 

R . S . 

\ 

l 

1 

2 

2 

3.5 

: 1 . 0 

15 

2.18 

2.23 

i 

1 

1, 

") 

2 

o 

4 . 0 

: 1 . 0 

1 2 

1 . 98 

6.6  7 

| 

3 

2 

3 

4 . 0 

: 1 . 0 

12 

1 . 38 

5.85 

4 

3 

3 

4 . 0 

: ] . 0 

12 

0.19 

4.11 

1 

5 

3 

3 

4 . 0 

: 1 . 0 

12 

0.39 

0.79 

i 

6 

3 

3 

4 . 0 

: 1 . 0 

1 00 

0.44 

2.91 

j 

7 

3 

3 

4.0 

: 1 . 0 

1 00 

0.50 

2 . 54 

i 

8 

3 

3 

4 . 0 

: 1 . 0 

100 

0.41 

0.46 

] 

. 

9 

3 

3 

4 . 0 

: 1 . C 

1,000 

0.53 

0.  34 

i 

The  first  ton  gallon  still  extraction  was  run 
using  a solvent  to  powder  ratio  of  3. 5: 1.0  with 
two  - two  hour  stages.  Total  residuals  were  at  the 
2*  level  as  shown  in  Table  2.  (All  PNH  analyses  are 
adjusted  to  a diy  basis.  where  a residual  solvent 
analysis  w.o;  run,  it.  it;  shown.  Where  no  analysis 
was  reported,  20*  is  assumed  for  simplified  calcu- 
lation.) Temporal. uro  charts  of  the  actual  extraction 

Table  2.  Extraction  Data  - Run  No.  1 
Two  - 2 Hour  Stages  - 3. 5:1.0  Solvent : Powder  Ratio 


Stage 


Peed  Stock 

A f t 1 > r 1st  Ext  ract  i on 
After  2nd  Extraction 
After  Solvent  Stripping 

B.  Methylene  Chloride 

Peed  - 2nd  Extraction 
Discharge  - 2nd  Extraction 
Feed  - 1st  Extraction 
Discharge  - 1st  Extraction 
After  Solvent.  Stripping 


Weight  % 

DNT  DPA  DBP  MeC12 

7.71  0.37  5.22 

3.48  0.10  1.43  10.07 

0.93  0.01  0.35  20.11 

1.84  0.04  0.30  2.23 

1.27  0.04  0.64  2.93 

0.0  0.0  0.0 
0.56  0.02  0.08 

0.44  0.06  0.16 

2.19  0.12  0.33 

1.11  0.02  0.20 


and  solvent  stripping  arc  included  for  reference 
foi  thin  and  all  subsequent  batches  in  Appendix  C. 

The  second  extraction  was  run  exactly  like 
the  first  except  the  solvent  to  powder  ratio  was 
increased  to  4. 0:1.0.  The  results  of  the  experi- 
ment are  shown  in  Table  3.  The  modifier  content 
of  the  extracted  FNH  remained  over  2%  there  being 
no  difference,  within  experimental  error  limits, 
from  the  3. 5: 1,0  extraction. 


Table  3.  Kxtraction  Data  - Run  No.  2 
Two  - 2 Hour  Stages  - 4.0:1. 0 Solvent : Powder  Ratio 


Stage 

Weight  % 

FNH 

DNT 

DPA 

DBP 

MeCl2 

Feed  Stock 

11.03 

0.43 

3.47 

After  1st  Kxtraction 

4.70 

0.09 

0.925 

(20.0) 

After  2nd  Kxtraction 

1.03 

0.01 

0.225 

(20.0) 

After  Solvent  Stripping 

1.64 

0.02 

0.32 

6.67 

Methylene  Chloride 

1.81 

0.02 

0.41 

6.4!3 

Feed  - 2nd  Extraction 

0.0 

0.0 

0.0 

Discharge  - 2nd  Extraction 

0.35 

0.02 

0.04 

Feed  - 1st  Extraction 

0.36 

0.04 

0.05 

Discharge  - 1st  Extraction 

1.58 

0.11 

0.27 

After  Solvent  stripping 

0.02 

0.06 

0.03 

Analysis  of  the  extracted  FNH,  obtained  from 
the  first  two  extractions,  indicates  that  the 
ground  FNH  was  not  being  extracted  as  rapidly  as 
predicted  by  Frankford  Arsenal's  tests  St.  Marks' 
test  procedures  were  discussed  with  BAAP  and 
Frankford  Arsenal  and  judged  to  be  within  their 
specifications. 

The  difference  in  extraction  rates  could  be 
attributed  to  a difference  in  granulation  of  the 
standard  FNH's.  A screen  analysis  of  the  ground 
FNH,  provided  by  BAAP,  revealed  the  existence  of  a 
large  range  in  grain  size,  with  41.45%  of  the 
grains  being  over  0.079"  diameter  (see  Table  4). 
Extracted  FNH  samples  from  the  first  two  extrac- 
tions were  screened  on  a C.0937  screen,  and  rean- 
alyzed for  modifier  content,  with  results  as  shown 
in  Table  5.  The  lower  residuals  level  in  the 
screened  samples  shows  the  critical  effect  of  the 
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Table  4.  Screen  Analysis  of  FNH 


Screen  Size 

Wt.  % 

FNH  Ret, 

ained  on  Screen 

( i nches ) 

BAAP 

Sample 

FA  Sample 

.132 

10.05 

.111 

0.40 

10.45 

14.0 

. 0 9 3 7 

9. 35 

9. 35 

11.8 

. 0787 

15.05 

15.05 

11.1 

. 0061 

11.49 

11  . 49 

10.9 

.0558 

11.01 

11 . 01 

10.4 

. 0405 

10.08 

.0394 

5.45 

. 0331 

0.18 

22.31 

21.3 

.0247 

5.40 

. 0197 

3 .88 

9.28 

17.7 

. 0105 

- 

. 0130 

2.12 

. 0090 

.70 

l'an 

. 54 

3.  36 

2.2 

Total 

99.50 

99.50 

100.0 

AGD 

.0716" 

. 0680" 

Table  5. 

Extraction  Data 

Ext 

X *Ti  o ci  I’MU 

• oil 

. 0937" 

screen , 

and 

unscreened 

Solvent 

Extracted 

Total 

Run 

to  l’dr. 

FNH  Screen 

Wt  . * 

Wt.  % 

wc.  % 

Modifiers 

No. 

Ra  t i o 

Analysis 

DNT 

DPA 

DBP 

% 

1 

3. 5 :1. 0 

As  Received 

1 .84 

. 04 

. 30 

2 .18 

1 

3. 5:1.0 

. 0937"/f ines 

1.13 

.03 

.19 

1.35 

2 

4. 0:1.0 

As  Received 

1.64 

. 02 

. 32 

1.98 

2 

4. 0:1.0 

. 0937"/fines 

.81 

. 01 

.15 

.97 

size  of  the  particle  to  be  extracted.  This  is 
totally  consistent  with  theory  and  indicates  that 
variations  in  screen  analyses  from  sample  to 
sample  will  allow  a substantial  margin  of  error  in 
final  results.  This  factor  is  the  probable  expla- 
nation of  the  differences  in  residuals  values 
shown  between  the  two  final  samples  analyzed  in  the 
first  two  runs.  While  recognizing  that  the  wide 
granulation  spread  of  the  base  stock  complicated 
both  the  extraction  process  and  the  data  obtained 
therefrom,  the  decision  was  made  to  proceed  with 
the  stock  as  provided  recognizing  that  final  produc- 
rion  procedures  might  be  modified  through  a change 
in  control  of  the  grinding  process  and  the  size  of 
ground  FNH  supplied  for  extraction. 
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The  third  extraction  was  made  using  standard 
3AAP  FNH  in  a two  stage  - three  hour  extraction 
procedure,  with  a 4. 0:1.0  solvent  to  powder  ratio. 
Table  6 gives  the  extraction  data  for  this  run. 
Lengthening  the  extraction  time  from  two  to  three 
hours  for  each  stage  reduced  the  final  modifier 
content  of  the  extracted  FNH  to  under  1.4%.  The 
extracted  FNH  was  screened  and  retested  for  percent 
modifiers.  The  0. 0937"/fines  contained  0.84%  mod- 
ifiers and  the  0. 0787"/fines  contained  0.78% 
modifiers . 

Table  6.  Extraction  Data  - Run  No.  3 
Two  - 3 Hour  Stages  - 4. 0:1.0  Solvent : Powder  Ratio 


Stage  Weight  % 


DNT 

DPA 

DBP 

MeC12 

FNH 

Feed  Stock 

11.15 

0.45 

3.62 

0.0 

After  1st  Extraction 

2.26 

0.20 

0.525 

(20.0) 

After  2nd  Extraction 

1.32 

0.02 

0.25 

18.66 

After  Solvent  Stripping 

1.15 

0.01 

0.22 

5.85 

. 0937" 

0.77 

0.01 

0.06 

(5.0) 

. 0787" 

0.67 

0.01 

0.10 

(5.0) 

Methylene  Chloride 

Feed  - 2nd  Extraction 

0.0 

0.0 

0.0 

Discharge  - 2nd  Extracti  n 

0,36 

0,02 

0.05 

Feed  - 1st  Extraction 

0.38 

0.06 

0.08 

Discharge  -•  1st  Extraction 

1.91 

0.14 

0.51 

After  Solvent  Stripping 

0.02 

0.03 

- 

The  fourth  extraction  was  completed  using  a 
three  stage  - three  hour  extraction  procedure  with 
a 4:1  solvent  to  powder  ratio.  The  data  for  this 
extraction  is  listed  in  Table  7.  Although  the 
residual  modifier  level  was  acceptal  le  after  three 
stages,  this  run  could  not,  by  itself,  be  used  as 
the  basis  for  proceeding  to  the  100  gallon  vessel 
for  the  following  reason.  One  half  hour  into  the 
third  stage,  the  air  compressor  shut  down.  The 
third  stage  could  not  be  completed  until  this  was 
repaired.  As  a result  the  powder  soaked  in 
methylene  chloride  for  about  three  hours  prior  to 
completion  of  the  third  stage.  -The  additional  con- 
tact time  with  the  solvent  is  believed  to  have 
reduced  the  residual  modifiers  to  levels  lower  than 
those  which  would  have  been  expected  had  the  extrac- 
tion been  run  as  planned. 
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Table  7.  Extraction  Data  - Hun  No.  4 
Three  - 3 Hr.  Stages  - 4. 0:1.0  Solvent : Powder  Ratio 


Stage 

Weight  % 

DNT  DP A DBP 

MeCl  2 

FNH 

Feed  Stock 

11.19 

0.53 

3.06 

After  1st  Extraction 

2.92 

0.06 

0.43 

14.05 

After  2nd  Extraction 

1.29 

0.01 

0.21 

19.55 

After  3rd  Extraction 

0.23 

0.025 

0.05 

20.64 

After  Solvent  Stripping 

0.18 

0.01 

- 

4.11 

Methylene  Chloride 

Feed  - 3rd  Extraction 

0. 0 

0.0 

0.0 

Discharge  - 3rd  Extraction 

0.12 

0.  02 

0.06 

Feed  - 2nd  Extraction 

0.0 

0.0 

0.0 

Discharge  - 2nd  Extraction 

0.53 

0.04 

0.14 

Feed  - 1st  Extraction 

0.63 

0.11 

0.31 

Discharge  - 1st  Extraction 

2.51 

0.20 

0.97 

A final  ten  gallon  still  extraction  was  com- 
pleted to  obtain  more  representative  data  on  the 
procedure  used  in  Extraction  4.  As  shown  in  Table  8 
a final  modifier  content  of  less  than  0.5%  in  the 
extracted  ENH  was  realized  after  the  third  extrac- 
tion confirming  that  the  three  step  process  would 
bring  residual  well  under  the  1.0%  maximum  level 
specified.  The  decision  was  made  at  this  point  to 
proceed  to  scale  up  to  the  one  hundred  gallon  still 
level,  initially  using  three  extractions  but  with 
the  obvious  option  to  change  to  two  if  the  results 
warranted. 


Table  8.  Extraction 
Three  - 3 Hour  Stages  - 

Stage 

A.  FNH 

Feed  Stock 

After  1st  Extraction 
After  2nd  Extraction 
After  3id  Extraction 
After  Solvent  Stripping 

B.  Methylene  Chloride 

Feed  - 3rd  Extraction 
Discharge  - 3rd  Extractiori 
Feed  - 2nd  Extraction 
Discharge  - 2nd  Extraction 
Feed  - 1st  Extraction 
Discharge  - 1st  Extraction 
After  Solvent  St  ripping 


Data  - Run  No.  5 
4. 0:1.0  Solvent : Powder  Ratio 


Weight  % 

DNT 

DPA 

DBP 

MeCl  2 

10.89 

0 . 51 

2 . 95 

0.0 

3.80 

0.09 

0.725 

(20.0) 

0.65 

0.01 

0.11 

(20.0) 

0.175 

0.01 

0.05 

(20.0) 

0.29 

0.01 

0.09 

0.79 

0. 

0 

0 

0 

0 

0 

0. 

11 

0 

01 

0 

03 

0 

0 

0 

0 

0 

0 

0 

39 

0 

01 

0 

07 

0 

38 

0 

06 

0 

08 

2 

29 

0 

05 

0 

44 

0 

22 

0. 

01 

0 

07 
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Three  runs  were  made  in  100  gallon  still 
equipment,  extracting  100  lbs.  of  ground  FNH  in 
three  3 hour  stages  using  the  4:1  solvent:'  NH 
ratio.  The  results  from  these  runs  are  summarized 
in  Tables  9,  10  and  11.  In  all  cases  the  total 
residuals  after  two  extractions  ran  well  above  the 
1.0%  level  and  fell  to  0.5%  or  less  after  the 
third  extraction.  During  these  runs  the  solvent 
was  employed  in  countercurrent  pattern,  i.e.,  new 
solvent  was  used  each  time  for  the  third  extraction 
step  but  solvent  from  the  previous  third  extraction 
was  used  for  the  subsequent  second  extraction  and 
that  from  the  second  extraction  in  the  next  first 
extraction.  On  the  limited  scale  of  work  carried 
out  there  were  sufficient  natural  solvent  losses  so 
that  it  was  necessary  to  augment  the  used  solvents 
with  new  solvent  plus  added  residuals  in  order  to 
maintain  the  specified  solvent:FNH  levels.  This 
introduced  some  problems  but  did  not  change  the 
pattern  of  results. 


Table  9.  Extraction  Data 
Run  No . 6 


Stage 

Weight  % 

DNT 

DPA 

DBP 

MeCl2 

FNH 

Feed  Stock 

10.84 

0.40 

3.53 

After  1st  Extraction 

4.5 

0.16 

0.55 

(20.0) 

After  2nd  Extraction 

1.50 

0.03 

0.20 

(20.0) 

After  3rd  Extraction 

0.35 

0.0] 

0.05 

(20.0) 

After  Solvent  Stripping* 

0.36 

0.01 

0.07 

2.91 

‘Corrected  for  2.91%  MeCl2 

Methylene  Chloride 

Feed  3rd  Extraction 

0.00 

0.00 

0.00 

Discharge  3rd  Extraction 

0.43 

0.015 

0.11 

Feed  2nd  Extraction 

0.11 

0.02 

0.11 

Discharqe  2nd  Extraction 

1 . 28 

0.06 

0.38 

Feed  1st  Extraction 

0.63 

0.03 

0.15 

Discharge  1st  Extraction 

2.81 

0.17 

1.00 

After  Solvent  Stripping 

0.05 

0.21 

0.11 
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Table  10. 


Extraction  Data 
Run  No . 7 


A. 


B. 


A. 


B. 


Stage 

Weight  % 

DNT 

DP A ~DBP  Me cl  2 

FNH 

Feed  Stock 

11.65 

0.  26 

3.71 

After  1st  Extraction 

3.75 

0.06 

0.64 

(20 

,0) 

Aftei'  2nd  Extraction 

1.78 

0.01 

0.19 

(20 

.0) 

After  3rd  Extraction 

0.47 

0.00 

0.09 

21. 

3 

After  Solvent  Stripping 

0.44 

0.06 

2. 

54 

Methylene  Chloride 

Feed  3rd  Extraction 

0.00 

0.00 

0.00 

Discharge  3rd  Extraction 

0.20 

0.01 

0.04 

Feed  2nd  Extraction 

0.12 

0.01 

0.00 

Discharge  2nd  Extraction 

1.28 

0.06 

0.38 

Feed  1st  Extraction 

0.62 

0.04 

0.19 

Discharge  1st  Extraction 

2.83 

0.17 

1.09 

After  Solvent  Stripping 

0.04 

0.08 

0.02 

Table  11.  Extraction  Data 

Run  No . 8 

Stage  Weight 

% 

FNH 

DNT 

DPA 

DBP 

MeCl2 

Feed  Stock 

9. 91 

0,37 

3 . 37 

After  1st  Extraction 

4.09 

0.075 

0.06 

(20.0) 

After  2nd  Extraction 

1.11 

0.01 

0.15 

(20.0) 

After  3rd  Extraction 

0.34 

- 

0.05 

23.79 

After  Solvent  Stripping 

0.29 

0.02 

0.10 

0.46 

Methylene  Chloride 

Feed  3rd  Extraction 

0.00 

0.00 

0.00 

Discharge  3rd  Extraction 

0.20 

0.01 

0.04 

Feed  2nd  Extraction 

0.15 

0.01 

0.03 

Dischar  je  2nd  Extraction 

0.90 

0.04 

0.20 

Feed  1st  Extraction 

0.77 

0.09 

0.18 

Discharge  1st  Extraction 

N/A 

0.18 

1.21 

After  Solvent  Stripping 

0.02 

0.07 

0.07 

Reference  to  the  extraction  batch  data  shows 
that  there  is  a lack  of  balance  in  the  analytical 
results.  When  the  loss  in  residuals  in  the  ground 
FNH  is  compared  with  the  pick-up  of  residuals  in 
the  solvent,  it  would  appear  that  either  the  former 
results  are  low  or  the  latter  are  high.  This  is 
illustrated  in  Tables  12  and  13  where  the  changes 
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in  DNT  and  UUP,  respectively , are  used  to  calculate 
the  solvent : FNH  ratio  which  would  bring  the  two 
analyses  into  balance.  In  general  these  show  that 
the  solvent  predicted  is  less  than  that  actually 
used.  The  dependence  of  FNH  results  upon  particle 


size  has  been  previously  commented  upon,  but  this 
in  itself  does  not  account  for  the  total  problem. 

Table  12.  DNT  Extraction  Pattern 

Weight  % 

Loss  in  Gain  in  Calculated  Ratio 

FNH  MeCl2  MeCl2/FNH 

Hun 

No.  6 

3rd  Extraction 

1.15 

0.43 

2.67 

2nd  Extraction 

3.12 

1.17 

2.67 

1st  Extraction 

6.22 

2.18 

2.85 

Run 

No.  7 

3rd  Extraction 

1.31 

0.20 

6.55 

2nd  Extraction 

1.97 

1.16 

1.70 

1st  Extraction 

7.90 

2.21 

3.57 

Run 

No.  8 

3rd  Extraction 

0.77 

0.20 

3.85 

2nd  Extraction 

2.98 

0.75 

3.97 

1st  Extraction 

5.82 

- 

- 

Run 

No.  9 

3rd  Extraction 

0.50 

0.17 

2.94 

2nd  Extraction 

3.66 

0.4  6 

7.96 

1st  Extraction 

6.16 

2.25 

2.74 

Table  13. 

DBP  Extraction  Pattern 

Weight  % 

Loss  in 

Gain  in 

Calculated  Ratio 

FNH 

MeC12 

MeC12/FNH 

Run 

No . 6 

3rd  Extraction 

0.15 

0.11 

1.36 

2nd  Extraction 

0.35 

0.27 

1.30 

1st  Extraction 

2.98 

0.85 

3.51 

Run 

No.  7 

3rd  Extraction 

0.10 

0.04 

2.50 

2nd  Extraction 

0.45 

0.38 

1.18 

1st  Extraction 

2.07 

0.90 

2.30 

Run 

No.  8 

3rd  Extraction 

0.10 

0. 04 

2.50 

2nd  Extraction 

-0.09 

0.17 

N/A 

1st  Extraction 

3.31 

1.03 

2.31 

Run 

No.  9 

3rd  Extraction 

0.05 

0.05 

1.00 

2nd  Extraction 

0.77 

0.18 

4.28 

1st  Extraction 

6.  16 

2.25 

2.74 
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The  conclusion  is  that  the  available  data 
cannot  be  used  quantitatively  but  that  it  is  suf- 
ficient to  support  the  extraction  profile.  Within 
the  limits  of  the  reliability  of  the  data,  small 
variations  within  tne  runs  do  not  give  critical 
changes  in  residuals. 

One  final  run  was  made  under  these  condi tit  is 
moving  up  in  scale  to  1,000  lbs.  of  unextracted  FNH 
in  a one  thousand  gallon  still.  This  is  identified 
as  Run  No.  9 and  the  results  are  shown  in  Table  14. 
These  follow  the  pattern  previously  established 
with  one  possible  critical  exception,  the  residuals 
content  after  the  second  extraction  fall  just  under 
the  1.0%  specification  limit.  This  single  result 
is  not  sufficient  to  justify  recommendation  of  a 
two  step  process,  but  it  does  point  up  that  reduc- 
tions in  the  total  overall  extraction  cycle  may 
well  be  feasible  in  scale  up  to  production  and 
should  be  investigated  in  any  final  process  estab- 
lishment . 


Table  14.  Extraction  Data 
Run  No . 9 


Stage  Weight  % 


DNT 

DPA 

DBP 

MeCl2 

FNH 

Feed  Stock 

~t  p / t 

X u • u / 

0.31 

3.30 

After  1st  Extraction 

4.51 

0.06 

0.86 

(20.0) 

After  2nd  Extraction 

0.85 

0.01 

0.07 

(20.0) 

After  3rd  Extraction 

0.35 

0.01 

0.04 

(20.0) 

After  Solvent  Removal 

0.46 

— 

0.075 

0.34 

Methylene  Chloride 

Feed  3rd  Extraction 

0.00 

0.00 

0.00 

Discharge  3rd  Extraction 

0.17 

0.01 

0.05 

Feed  2nd  Extraction 

0.20 

0.01 

0.04 

Discharge  2nd  Extraction 

0.66 

0.045 

0.22 

Feed  1st  Extraction 

0.67 

0.06 

0.17 

Discharge  1st  Extraction 

2 . 92 

0.18 

1.12 

The  above  discussion  has  dealt  with  the  pro- 
cess requirements  for  extraction  of  residual 
modifiers  from  the  FNH  in  order  to  present  a compo- 
sition suitable  as  a nitrocellulose  raw  material 
for  BALL  POWDER  manufacture.  The  process  as 
described  is  incomplete  until  the  extraction  solvent 
itself  has  been  removed  and  separated  from  the 
extraction  material.  During  the  period  of  this 
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study  a specification  of  0.5%  maximum  residual 
solvent  was  established  for  the  finished  material. 
Based  on  laboratory  studies  Kiankford  Arsenal 
recommended  azeotropic  distillation  for  removal 
of  the  bulk  of  the  solvent  with  a final  rapid 
healing  to  complete  the  solvent  removal.  Thou 
work  showed  that  solvent  levels  could  be  reduced 
by  this  method  from  about  6%  to  0.5%  in  approxi- 
mately nine  hours. 

The  procedure  described  is  best  carried  out 
in  facilities  wherein  the  amount  of  heat  being 
supplied  for  solvent  distillation  is  controlled 
on  the  basis  of  volume  of  vapors  (or  condensate) 
being  produced.  Unfortunately  the  still  equipment 
available  for  this  current  study  was  not  so 
equipped  and  efforts  to  hold  at  the  38-39  C.  azeo- 
trope temperature  were  generally  inadequate.  As  a 
result,  although  residual  solvent  levels  were 
reduced  to  the  desired  level,  the  process  followed 
does  not  permit  any  definition  of  optimum  disti- 
lation  cycle  temperature-time  patterns.  The 
results  obtained  are  shown  in  Table  15. 


Table  15.  Solvent  Stripping  From  FNH 


Batch  No. 

6 

Batch  No. 

7 

Time (hi s) 

Temp (°C) 

WU  %MeCl2 

Time (hrs) 

Temp (°C) 

Wt. %MeC12 

0 

27 

17.86 

0 

20 

21. 3 

3 1/4 

36 

5.67 

3 

43 

8.77 

4 1/4 

39 

4.96 

5 

46 

7.58 

5 1/4 

4 3 

4.40 

9 

62 

6.40 

6 1/2 

73 

3.96 

11 

74 

5.18 

7 1/2 

87 

2.90 

12 

99 

2.81 

13 

99 

2.54 

Batch  No. 

8 

Batch  No. 

9 

Time (hrs ) 

Temp (°C) 

Wt . %MeCl2 

Time (hrs ) 

Temp (°C) 

Wt. %MeCl2 

0 

25 

23.79 

0 

25 

21 .48 

1 1/4 

36 

18.24 

2 1/4 

32 

18.01 

6 

36 

1 r m 

XU.  \J  X 

A I/O 

**  X/ 

n r 

U 

1 *-»  O -i 

1/  .zo 

1 

37 

15.14 

5 1/2 

37 

17.24 

8 

40 

12.81 

6 1/2 

38 

15.83 

9 

44 

10. 93 

7 1/2 

40 

15.17 

10  1/4 

52 

8. 73 

8 1/2 

42 

15.77 

11 

6 6 

6. 92 

10  1/2 

53 

10.25 

12 

78 

4 . 78 

11  3/4 

65 

7.12 

13 

90 

2.44 

13 

77 

5.20 

14 

98 

1.71 

14 

89 

2.63 

15  1/2 

99 

0.46 

15 

99 

1.74 

16 

99 

1.50 

1 7 

99 

0.51 

18 

99 

0.39 
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Anticipating  problems  of  control  of  boat 
input  at-  the  38-39°C.  level,  Hun  No.  6 wan  made 
witli  a ten  inch  vacuum  applied.  Initial  solvent 
removal  proceeded  rapidly,  but  the  temperature  rose 
above  the  azeotrope  level  well  before  the  lower 
solvent  levels  were  reached.  This  distillation  was 
not  carried  to  completion  but  it  should  not  have 
deviated  far  from  the  nine  hour  6%  to  0.5%  solvent 
levels  predicted  in  the  Krankford  work.  The  vacuum 
procedure  complicates  solvent,  recovery  so  the  next 
run,  No.  7,  was  made  under  atmospheric  pressure 
conditions.  Again  initial  solvent:  levels  dropped 
rapidly  but  temperatures  rose  rapidly  and  extended 
solvent  removal  times  resulted.  Run  No.  8 was 
treated  more  cautiously  with  the  result  that  tempe- 
ratures initially  remained  too  low  for  rapid  solvent 
removal  but  even  so  did  not  hold  at  the  desired 
level.  The  final  thousand  pound  batch  suffered  from 
the  same  problem  compounded  by  a faulty  temperature 
control  unit.  However,  the  final  product  showed  the 
desired  low  residual  solvent  level  and  times  were 
not  inconsistent  with  the  rates  of  solvent  removal 
reported  from  the  laboratory. 

Overall  it  was  shown  that  the  0.5%  solvent 
level  can  be  achieved  in  the  15-17  hour  range  even 
with  very  limited  controls.  Under  conditions  of 
distillate  control  these  times  should  be  reduced. 
Such  optimization  must  await  implementation  of  the 
production  scale  operation. . 

As  a footnote  to  the  above  work,  it  should  be 
noted  that  a check  was  made  for  any  possible  break- 
down of  the  solvent  under  repeated  use.  Solvent, 
as  drained  from  the  first  stage  extraction  of 
Run  No.  9,  was  refluxed  in  laboratory  glassware  for 
24  hours.  IR  scans  were  made  of  the  materials  as 
new  and  after  this  treatment.  These  proved  to  be 
essentially  identical  indicating  no  breakdown  of 
the  solvent.  This  is  shown  in  Figure  II. 
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111.  Hat  don  i ng  Da  t_a 


Thi>  tifcotul  phase  of  this  study  was  to  use  the 
oxt  raeti'd  KNll  in  the  hardening,  coating  and  finish- 
ing of  propellant  powders  equivalent  to  the  present 
WC  846  and  WC  870  BA1.L  1’OWDERK.  In  the  planninq  of 
this  work,  it  was  recognized  that  one  major  problem 
would  he  to  quickly  arrive  at  a suitable  process  in 
t lie*  one  thousand  gallon  pilot  still  to  produce  suf- 
ficient sinyle  base  yrains  in  the  .034"/. 028"  size 
range  as  required  for  finishing  to  WC  870.  This 
size  grain  is  at  the  extreme'  ranye  of  the  still’s 
capabilities  and  the  formula  for  its  process iny  is 
sensitive  to  variations  in  the  extracted  FNH  feed. 
Each  hardening  made  was  treated,  therefore,  as  a 
problem  in  maximizing  large  diameter  powder  yields. 

The  initial  extracted  stock  was  enough  to 
make  three  hardenings.  The  basic  procedure  for 
these  are  included  in  Appendix  1),  while  summary  data 
at  the  product  .ire  shown  in  Table  16  below. 

The  first  two  runs,  AG  3150  and  AG  3151,  yielded 
an  undersized  product  with  no  significant  amount  of 
overs/. 028" . However,  they  did  produce  roughly 
25-30%  .028"/. 020"  stock  as  required  for  iinishing 
to  the  WC  846  propellant.  The  third  hatch,  AG  3152, 
was  run  at  lower  agitation  levels  in  an  effort  to 
increase  average  grain  size.  While  larger  material 
was  made,  it  proved  to  be  of  low  specific  gravity 
and  was  not  accept  able  for  finishing  by  coating. 


Table  16.  .Summary  of  Batch  Hardenings 


Hardening  Number  At; 31 50  At; 31 51  At; 31  5 2 At; 31 54  AG 3156 


Batch  Size  (lbs. 

) 

300 

400 

425 

460 

409 

Solvent  And  (lbs 

• ) 

900  1 , 

280 

1 ,200 

1 , 300 

1,14  5 

MeClj  in  used  solvent  % 

0 

0 

0 

0 

0 

He  Cl  2 in  I’NJI  % 

0 

0 

0 

0 

0 

.034"/. 028"  cut 

(lbs.  ) 

15 

15 

^>ci  ap 

70 

100 

n n 

- 

- 

n one 

V » U -/  u 

non 

4 J J \J 

q i n 

Sp.G. 

- 

- 

1 .479 

1 . 550 

1 .518 

At'.D  (inches) 

- 

- 

N/A 

0.0318 

0.0287 

.028"/. 020"  cut 

(lbs.  ) 

100 

100 

- 

- 

1 20 

G.D. 

0.916 

- 

0.891 

Sp . G . 

1.563 

- 

- 

1.538 

AGD  (inches) 

0.0215 

- 

- 

0.0247 
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Additional  hardenings  wore  made  by  reworking 
the  off  size  and  off  specification  materials  from 
the  fit st  three  batches.  Some  process  modification 
was  required  for  the  handling  of  the  rework,  but 
sufficient  WC  870  base  grain  material  was  produced 
in  hardenings  AG  3154  and  AG  3156  so  that  coating 
studies  could  be  initiated.  The  powder  stocks  pro- 
duced varied  in  density  so  that  two  separate  stocks 
were  available;  base  powders  produced  through 
AG  3154  were  of  the  design  density  and  that  from 
AG  3156  was  lower  than  would  have  otherwise  been 
used , 


While  the  extracted  FN11  contained  very  small 
quantities  of  methylene  chloride  residues  upon  the 
completion  of  the  extraction  steps,  the  feed  used 
in  the  hardening  process  no  longer  showed  the 
presence  of  the  solvent.  The  disappearance  of 
methylene  chloride  from  the  extracted  I’NH  is  attri- 
buted to  its  being  leached  by  process  water. 
Therefore,  any  difficulties  in  obtaining  base  grain 
material  having  consistently  acceptable  density  are 
attributable  to  process  sensitivity  not  to  the 
interaction  of  methylene  chloride.  The  absence  of 
residual  methylene  chloride  in  the  final  product  is 
desirable  since,  if  present,  it  would  be  a cause  of 
gun  barrel  corrosion. 
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IV. 


Coating  And  Finishing  Data 


Seven  coatings  were  made  and  t lion  appro- 
priately blendtrd  in  ordor  to  produce  acceptable 
WC  846  and  WC  870  propellants.  Coatinq  studies 
were  handicapped  by  the  limited  quantities  of 
WC  846  and  WC  870  base  grain  material  available. 
The  blondiny  of  the  coated  propellants  to  meet 
product  specifications  was  difficult  because  por- 
tions of  the  coated  material  had  low  specific 
qravity  and  low  nitroglycerine  levels.  Despite 
these  problems,  acceptable  WC  846  and  WC  870  pro- 
pellants were  produced,  although  in  less  quantity 
( < 100  lbs.)  than  planned.  Relevant  process  and 
product  data  appear  in  Tables  17,  18,  19  and  20 
and  in  Appendix  F. 


Table  17. 

Stocks 

Prepared  For  Blending  To 

WC  1 

846 

Speed  - 

Coating  Summary 

HdSO 

N.G. 

Det. 

Batch 

NG 

DBP 

Web 

C. . D . 

Powder 

Impreg . 

Coatinq 

Final  Pdr. 

# lbs 

Wt.  % 

Wt . % 

(in.  ) 

g/ml 

AC’.- 31  50/ 

N9202 

D9937 

AB20685-6 

100 

9.21 

3.91 

. 0147 

.926 

3151 

.0145 

.930 

AG-3150/ 

N9214 

D9943 

AB20689-3 

100 

. Oi  l 

3151 

D9947* 

AB20669-3 

G 8 

3.52 

5.70 

.0137 

.900 

AG-3156 

N9243 

D10 110 

AB2Q712-9 

3 

8.99 

5.65 

. 01  3 

.952 

AB20712-3  0 

2 

.015 

AB20713-1 

2 

.017 

AB20  721-5 

4 7 

8, 99 

. nl  28 

AG- 31 5 6 

N10054 

D10113 

AB20717-2 

2 

7.42 

6.22 

.0112 

.911 

AB20717-3 

2 

.015 

AB20717-4 

2 

.0172 

AB20721-4 

60 

7.42 

.0168 

*1)9947  is  a re-coating  of  D994  3. 

Table  18.  Stocks  Prepared  For  Blendinq  To  WC  846 


Speed 

- 

Test  Firing  In  7.62mm 

M80  Ball 

Ammunition 

M&V 

Charge 

Velocity  Pressure 

I'uwuf  1 

grains 

f nc 
'-IT*' 

ns  i 

- 

AB20685-6 

0.84 

46.7 

2711 

52,700 

AB20724-1 

0.85 

2741 

55,700 

AB20693-6 

0.62 

41  . 6 

2622 

51 ,300 

AB2  0 7 1 2-9 

49.0 

7.485 

34,600 

AB20721-5 

48.5 

2322 

27,400 

AB20 717-4 

45.0 

2741 

50,300 

AB207  21-4 

4 9 . Of  c 

2504 

33,100 

AB207  24-2 

20 

H Pts  AB2Q724 . 1 

47.0 

2728 

50,800 

20 

Pts . AB20721-  1 

AB20728-5 

20 

^ Pts  AB20724 . 1 

48 . Ofc 

2731 

45,900 

28 

Pts.  AB20721-4 

47.5 

2749 

48,100 

AB2073G-4 

A320728-8 

47.0 

2762 

47,600 
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Table  19.  SI  ocks  Prepai  ed  Koi  Blending  Tn 
W C 870  Speed  - Con  tiny  Summary 


Huso 

N . C . 

Dot  . 

Hatch 

NC 

DHP 

KN03 

Sn02 

G.  D 

I’owdo  I 

1 mprog 

Coat i ng 

Final  Pdr. 

# lbs 

Wt  . * 

Wt  . 1 

Wt.  % 

Wt  . * 

(g/m 

AC- 3194 

N9219 

D9945 

AB20693-5 

70 

9.35 

5.20 

0.06 

0.84 

.942 

AC.- 31  90 

N9237 

D10107 

AH20706-8 

05 

4 . 98 

0.36 

0.97 

1 . 00 

.923 

AC- 3150 

N9821 

D9772 

AB20717 -10 

25 

9.05 

C.  15 

0.54 

0.68 

.901 

T. 

ible  20. 

Stocks  Prepared 

For 

Bl endi 

ng  To 

WC  870  Speed  - Test  Firings  In  20mm  M56  Hounds 


M&V 

Chtii’ijr 

Vel oci t y 

Pressure 

1’owdoi 

Wt . % 

q rains 

f ps 

psi 

A1320ii9  J-5 

0.97 

577 

3374 

59,900 

A112070O-8 

0.82 

5931c* 

3168 

43,700 

AB20717-10 

1 .01 

000 

3182 

39,000 

AL320723-8 

50*  AH20693-5 
50*  AB207 1 7-10 

1.17 

603 

3343 

52,200 

AB20728-6 

85*  AB20723-8 
15*  AU20693-5 

in 

CO 

o 

578 

3363 

55,900 

AB207  32- 3 

AU20728-0 

1 . 08 

595 

3380 

54,000 

(X  34  92 ) 

*fc:  full  case 


X-3491  , the  WC  846  equivalent.,  was  prepared 
by  conventional  blending  of’  two  of  the  four  coat- 
ings initially  prepared.  Note  should  bo  made  that 
the  last  component  of  this  blend,  N9202/D9937 , was 
prepared  from  a suitably  high  density  base  stock 
and  performs  much  ns  would  be  predicted  from  its 
web  and  deterrent  level.  Coating  N9214/I9943 
intended  to  be  bal li stical ly  slow  for  blending  with 
N9202/D99 37  had  too  low  a nitroglycerine  level  to 
be  used  in  the  preparation  of  finished  propellant. 
The  third  and  fourth  coatings,  N924 3/D] 0130  and 
N1 QQ54/D1Q! 1 3 , wore  made  on  lower  density  base 
stock  and  an  effort  was  made  to  compensate  for  this 
by  increasing  the  deterrent  level , with  some  natu- 
ral resulting  loss  in  ballistic  efficiency. 

X3491,  a thirty-four  pound  blend,  was  made  up 
from  components  of  coatings  N9202/D9937  and 
N10054/D101 1 3.  The  increase  in  pressure  at  low 
temperature  with  the  X-3491  is  within  specification, 
but  not  desirable.  This  is  attributed  to  the  phys- 
ical properties  oi  that  portion  of  the  base  powder 
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on  the  low  side  of  the  density  requirement  and 
consequent  rolling  aimed  at  increasing  this.  The 
result  was  that  the  minimum  density  specification 
on  the  blend  was  met,  but  the  one  fraction  of  the 
lot  had  a resultant  tendency  to  crack,  becoming 
brittle  at  -65°F,  and  partially  fragmenting.  With 
base  stocks  of  proper  density,  the  problem  is 
routinely  controlled  with  WC  846  and  should  be  in 
any  continued  work  here  also. 

Sufficient  base  powder  was  available  for 
only  three  coatings  for  blending  to  WC  870  speed. 
The  base  stock  for  two  of  these  was  on  the  low 
density  side.  The  procedure  was  again  followed 
working  to  blend  fast  and  slow  components.  The 
second  of  the  three  coatings  showed  up  abnormally 
low  in  nitroglycerine  level  and  was  used  ir.  pre- 
paring a WC  870  blend.  The  first,  and  third 
coatings  did,  however,  furnish  blend  components  and 
a fourteen  pound  blend,  X3492,  was  finished. 

No  trace  of  chloride  was  found  in  either  the 
coatings  or  final  blends  of  WC  846  or  WC  870. 

For  the  record,  samples  of  X3491  and  X3492 
are  being  placed  in  surveillance  for  proper  record 
of  long  term  chemical  stability.  The  balance  of 
these  blends  die  available  for  any  additional 
ballistic  or  chemical  evaluation. 
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CONCLUSIONS 

1.  A three  stage  countercurrent  extraction  tech- 
nique, using  methylene  chloride  as  the 
extraction  solvent,  effectively  reduced  the 
level  of  unwanted  materials  from  the  FNH  to 
less  than  0.50%  by  weight.  This  exceeds  the 
specif i cation  of  less  than  1.00%  by  weight  of 
residual  modifiers. 

2.  There  is  strong  evidence  that  a two  stage 
countercurrent  extraction  process  is  feasible 
with  its  attendant  economies  of  operation. 

3.  The  granulation  of  the  ground  FNH  feed  stock 
significantly  affects  the  efficiency  of 
extraction . 

4.  Although  not  optimized,  solvent  stripping 
tests  have  shown  that  the  residual  methylene 
chloride  in  the  FNH  can  be  reduced  to  less  than 
0.5%  by  weight. 

5.  Acceptable  WC  846  and  WC  870  propellants  can 
be  made  from  nitrocellulose  recovered  by 
methylene  chloride  extraction  of  FNH. 

6.  The  use  of  methylene  chloride  in  the  extraction 
of  FNH  has  no  apparent  effect  on  subsequent, 
ball  propellant  operations. 

7.  Since  no  trace  of  methylene  chloride  was  found 
in  the  finished  propellants,  no  adverse  effects 
on  gun  barrel  wear  wculd  be  expected  from  the 
use  of  this  extraction  solvent. 
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K I COMM  ! :.N  DAT  I ON  S 


1-  Establish  reduced  level  of  solvent  to  base 
powder  ratio  that  will  give  a three  step 
extraction  process  with  a residual  extract- 
able  level  in  the  FNH  of  less  than  1.0%. 

2.  Establish  modified  ground  powder  size  range 
which  will  permit  a two  step  extraction  pro- 
cess with  a residual  extractable  level  in 
the  FNH  of  less  than  1.0%. 

3.  Establish  on  a production  scale  an  optimum 
distillation  procedure  for  reduction  of 
residual  methylene  chloride  to  less  than 
0=5%  in  the  extracted  product. 

4.  Determine  the  means  to  implement  the  use  of 
methylene  chloride  in  the  extraction  process 
at  BAAP. 

5.  Determine  the  cost  of  using  methylene  chlo- 
ride in  production  operations  at  BAAP. 
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APPENDIX  A 


FRANKFORD  ARSENAL  TEST  PROGRAM 
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APPENDIX  A 


V KANKFORD  ARSENAL 


Test  Program  for  Pilot  PJant  NC  Recovery 
Using  Dichloromethane  as  the  Extraction  Solvent 


I Extraction  Phase 

Two  process  variables  are  to  be  investigated  as  a re- 
sult of  bench  scale  studies.  They  are  sol vent- to-powder 
ratio  and  duration  of  each  stage.  The  number  of  stages  is 
not  to  be  considered  a variable.  Two  stages  will  be  used 
in  pilot  plant  extractions  unless  approval  for  variation 
from  that  is  specifically  received  from  Frankford  Arsenal. 

The  temperature  for  all  extractions  will  be  35°C.  The 
starting  processing  variable  designations  are  as  follows 
for  the  first  extraction  attempt:  Solvent-to-powder  ratio, 

3. 5: 1.0;  duration  of  each  stage,  2 hrs . The  solvent  for 
the  first  stage  in  all  cases  will  contain  0.00754  weight 
fraction  of  modifiers  in  the  following  ratio  of  DNT-to-DBP- 
to-DPA,  10:3:1.  If  the  first  two-stage  extraction  attempt 
does  not  yield  propellant  with  <_1.0  percent  weight  modifiers, 
the  following  strategy  should  be  used  to  achieve  acceptably 
extracted  powder.  The  solvent-to-powder  ratio  can  be  raised 
to  as  high  as  4. 0:1.0.  If  this  measure  fails  to  lower  the 
level  of  residual  modifiers  in  the  powder,  then  the  duration 
of  each  stage  can  be  raised  in,  at  minimum,  15  minute  in- 
crements to  as  much  as  3 hours  per  stage.  If  these  measures 
fail,  then  a meeting  among  Badger  AAP , Olin-St.  Marks,  and 
Frankford  Arsenal  personnel  will  be  held  to  review  all  data 
and  decide  upon  an  alternative  plan  of  action  . 


1 1 Solvent  Stripping  Phase 

After  draining  dichloromethane  from  the  second  extraction 
stage,  add  2.70  weight  units  of  water  for  every  1.00  of  powder. 
Under  agitation,  raise  the  temperature  slowly  ('vj°C  per  15 
minutes)  until  it  reaches  38-39°C.  This  is  the  azeotropic 
temperature  for  dichloromethane  and  water.  The  temperature 
should  level  off  naturally  in  this  range.  The  heat  input 
should  be  reduced  to  259  Btu/'lb.  powder-hr.  until  the  temper- 
ature rises  to,  at  least,  45°C.  At  this  point  the  heat  input 
may  be  increased  to  raise  the  temperature  to  99°C  as  rapidly 
as  possible  and  then  hold  it  there  for  5 minutes.  It  is  im- 
portant to  add  heat  slowly  until  safely  past  the  azeotropic 
temperature,  because  it  has  been  shown  that  this  strip  is  a 
di  f f us-ion-controlled  operation.  Too  high  a heat  input  has 
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caused  t hr  azeot  rope  to  bo  passed  and  tho  amount  ol  solvent 
stripped  and  recovered  greatly  reduced.  It  might  be  interesting 
to  vary  the  heat  input  somewhat  to  alter  the  azeotropic 
portion  ol  tile  operation  to  set*  the  extent  of  unproved  or 
reduced  solvent  removal  in  order  to  determine  the  optimal 
heat  input. 

The  powder  should  be  analyzed  lor  residual  dichloro- 
mothane.  A method  for  this  analysis  has  been  developed 
and  will  be  provided  when  needed.  Samples  can  be  taken 
throughout  the  strip  for  this  purpose  or,  at  the  minimum, 
at  the  end  ol  tho  operation.  The  amount  oi  solvent  re- 
moved should  be  correlated  witli  the  analysis  for  dichloro- 
me thane  in  the  powder. 


Ill  Solvent  Recovery  Phase 

" t is  the  opinion  of  Frankford  Arsenal  engineers  that 
batch  distillation  of  dichloromethane  in  the  pilot  plant 
would  serve  little  utility,  since  such  data  are  available 
from  bench  scale  testing.  A continuous  stripping  column 
will  be  used  in  the  full-scale  recovery  of  dichloromethane; 
therefore,  no  additional  information  can  be  gained  from 
pilot  plant  batch  distillation  recovery  of  dichloromethane. 
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APPENDIX  B 


WORK  PLAN  FOR  EXTRACTING  FNH  WITH  METHYLENE  CHLORIDE 
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Al’PKNDl  X B 


WOKK  I’ BAN  FOR  EXTRACTING  FNli  WITH  METHYI.ENF  CHIjOKI  DE 


A.  Extractions 

1.  Initial  two  stage  ext i actions  will  bo  made  in  ton 
gallon  stills  until  correct  solvent  to  powder  ratios, 
and  extraction  time',  are  found  (initial  solvent  to 
powder  ratio  - 3 . 5 : 1 . 0 ) . 

2,  Solvent  into  the  first  stage  of  each  batch  will  con- 
tain .00754  weight  fraction  modifiers  in  the  ratio 
of:  Dini trotoluene  to  Di buty lphthalate  to  Diphenyla- 
mine , 10:3:1. 

3-  Solvent  for  the-  second  stage  of  each  batch  will  be 
pure  methylene  chloride  in  these  extraction  batches. 

4.  If  tiie  extracted  FNH  from  the  first  extraction  con- 
tains more  than  1%  modifiers  go  to  #5,  if  not  go  to 
#8. 

5.  The  second  batch  will  be  extracted  exactly  like  the 
first,  ev.cept  that  the  solvent  to  powder  ratio  will 
be  4.0:1 .0. 

6.  If  the  extracted  FNH  contains  more  than  1%  extract- 
ables  the  length  of  extraction  will  be  increased  to 
three  hours  at  the  4:1  ratio. 

7.  If  the  propellant  made  from  the  best  extraction 
batch  still  has  > 1.0  weight  % modifiers,  the  number 
of  stages  will  be  increased  to  three. 

8.  If  after  any  of  the  extraction  batches,  a powder  with 

< 1.0  weight  % modifiers  can  be  made,  then  all  further 
extractions  will  bo  made  using  that  solvent  to  propel- 
lant ratio,  duration  of  stage,  and  number  of  stages. 

The  testing  for  correct  solvent  ratio  and  length  of 
extraction  will  stop  at  this  time  (after  it  has  been 
demonstrated  that  the  correct  parameters  have  been 

^ P ' * ’"1  ^ ^ 

J_  W Cll  i W.  i » 

9.  After  determining  the  extraction  condition,  work  will 
begin  on  optimizing  the  solvent,  strip  procedure. 

10.  After  the  solvent  strip  procedure  has  been  identified, 
along  with  an  extraction  procedure,  three  10C  lb. 
countercurrent  extractions  will  be  completed. 

11.  No  solvent  will  be  recovered  by  batcli  distillation. 

12.  One  more  extraction  will  be  made  with  1,000  lbs.  of 
FNII  using  the  test  procedure  previously  obtained  and 
modified  in  the  100  lb.  extraction. 


28 


B.  Solvent  Make-Up 


1.  Kor  tho  first  stage  of  the  initial  extraction, 

the  modi  tiers  added  to  methylene  chloride  are  to  be 
calculated  as  follows: 


= .00754 

(Solvent  ratio)  (Wt.  of  Powder)  + 14X 

where:  X = weight  of  diphenylamine 

3X  = weight  of  dibutylphthalate 
10X  = weight  of  dinitrotoluene 

2.  For  the  second  stage  of  initial  extraction,  fresh 
solvent  is  to  be  used. 

3.  For  subsequent  extraction,  corrections  should  be  made 
in  accordance  with  analytical  results  obtained  from 
previous  runs. 

4.  For  the  first  stage  of  any  initial  three  stage  extrac- 
tion, the  modifiers  in  the  solvent  may  be  calculated 
as  in  1.  above. 

5.  For  the  second  stage  of  the  first  three  stage 
extraction,  modifiers  should  be  added  in  accordance 
with  3.  above. 

t.  For  the  third  stage  of  the  first  three  stage  extrac- 
tion fresh  solvent  is  to  be  used. 

7.  For  any  subsequent  three  stage  extractions,  corrections 
should  be  made  in  modifier  contents  in  accordance  with 
analytical  results  obtained. 

(In  cases  4,  6 and  7 actual  solvents  recovered  from 
previous  runs  will  be  available  for  use  as  a major 
portion  of  the  solvent  required.) 

8.  The  three  100  lb.  extractions  will  be  run  so  that  they 
will  follow  a production  countei current  extraction  pro- 
cedure. Tlie  (used)  solvent  for  the  first  extraction 
will  be  synthesized.  However,  the  second  extraction 
will  be  run  with  used  solvent  from  the  first  extrac- 
tion, and  the  third  extraction  will  be  run  with  used 
solvent  from  the  second.  This  procedure  will  give  us 
data  on  the  accuracy  of  the  original  estimate  of 
modifier  concent  of  the  used  solvents. 
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C.  Solvent  Stripping 

1-  Add  2.7  Jb.  of  water  per  lb.  of  FNH  (original 

extraction  weight)  in  the  sti)]  and  add  drained 
powder  from  second  stage  and  agitate  (at  50  RPM) . 

2.  Raise  temperature  slowly  (3°C.  per  15  min.)  until 
reaching  38°c.  At  this  point  the  temperature 
will  level  off.  Cut  back  the  heat  to  1°C./15  min. 
until  the  temperature  readies  45°C.  then  heat  the 
still  rapidly  until  the  temperature  reaches  99°C. 

(at  maximum  steam  input).  Hold  the  temperature 

at  99°C.  for  five  minutes  and  then  coo]  to  ambient 
temperature.  Solvent  will  be  dumped  into  used 
(first  stage)  solvent  barrel. 

a.  Solvent  in  solvent  receiver  will  be  analyzed 
for  impurities. 

b.  Water  will  bo  drained  from  powder  and  dumped 
into  sewer. 

3.  Samples  of  powder  will  be  analyzed  before,  during 
and  after  stripping  to  determine  residual  solvent 
levels. 

4.  Sample  final  extracted  powder  for  weight  percent 
modifiers.  If  less  than  1%,  run  a second  batch 
under  the  same  conditions  to  confirm  results. 

5.  Stability  of  powder  will  be  determined  after  strip- 
ping. 

a.  Store  extracted  powder  under  water. 
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APPENDIX  C 


EXTRACTION  AND  STRIPPING  PROCEDURES 
TEMPERATURE  TRACES 


Figure  Page  No. 

C—  1 Extraction  No.  1 32 

C-2  Extraction  No.  2 33 

C-3  Extraction  No.  3., 34 

C-4  Extraction  No.  4 35 

C-5  Solvent  Strip,  Extraction  No.  4 36 

C-6  Extraction  No.  5 37 

<3-7  Solvent  Strip,  Extraction  No.  5 38 

C-8  Second  Solvent  Strip,  Extraction  No.  5 39 

c-9  Extraction  No.  6 40 

C-10  Solvent  Strip,  Extraction  No.  6 41 

C-ll  Extract  ion  No.  7 42 

C-12  Solvent  Strip,  Extraction  No.  7 43 

C-13  Extraction  No.  8 4 4 

C-14  Solvent  Strip,  Extraction  No.  8 45 

C-15  Extraction  No.  9 46 

C-16  Solvent  Strip,  Extraction  No.  9. 4/ 
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NOOtt 


fenperairure  trace  for  Extraction 


vent  strip 


APPENDIX  I) 


BALL  POWDER  PREPARATION 
HARDENING 


1.  Work  Plan 

2.  Standard  Operating  Procedure 
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WORK  PLAN 


A.  Hardening  and  Shaping 

1.  Four  hundred  pound  hardenings  will  be  made 
using  standard  Pilot  Plant  operating  pro- 
cedures for  the  1,000  gallon  still. 

2.  Enough  FNH  will  be  hardened  to  produce  150 
lbs.  each  of  .034"/.02B"  and  .028"/. 020"  for 
coatings . 
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STANDARD  OPERATING  PROCEDURE 
HARDENING  FOR  ALL  STILLS 


Materials : 


*1 

6 #3  Stills 

#4  & #5  Stills 

1,000  gal 

Ion 

Nitrocellulose 

50  lbs. 

5 lbs. 

500 

lbs . 

Water 

450  lbs. 

60  lbs. 

4,000 

lbs. 

Ethyl  Acetate 

Ratio  to  NC 

for;  .029"/. 017" 

3. 4:1.0 

Same 

Same 

. 017"/f ines 

4. 0:1.0 

Same 

Same 

Diphenylamine 

227  gros. 

22.7  gms. 

5 

lbs 

Colloid 

1.5  lbs. 

227.0  gms. 

15 

lbs . 

Na2  SO4  (dry) 

12.5  lbs. 

567.0  gms. 

125 

lbs . 

Procedure : 

Prior  to  starting  of  a hardening  batch  in  the  100  gallon  still, 

the  following  steps  should  be  carried  out: 

1.  Check  the  empty  still  to  be  certain  that  it  is  clean.  If 

it  is  not  clean,  wash  thoroughly  with  water  and  if  necessary, 
run  a clean  out  as  per  clean  out  SOP. 

2.  Drain  all  water  from  the  still  jackets.  Be  certain  to  close 
drain  and  open  line  t>om  jacket  to  steam  trap. 

3.  Add  several  inches  of  water  to  the  still  and  check  to  see 
that  the  dump  valve  is  tightly  closed  and  not  leaking. 

4.  Empty  the  condenser  solvent  receiver  and  salvage  any 
usable  ethyl  acetate.  Be  certain  that  the  vent  line  from 
solvent  receiver  is  left  open  to  the  atmosphere  after  this 
job  is  completed. 

5.  Add  water  and  nitrocellulose. 

6.  Start  agitation  at  solution  speed. 


RPM 

#3 

Still 

T3TT 

#2 

Stills 

110 

#4 

& #5  Stills 

60 

1, 

000  Gallon  Still 

60 

7.  Add  ethyl  acetate  and  diphenylamine  solution  to  still. 

8.  Check  level  of  contents  of  the  still  and  adjust  level  by 
addition  of  water. 

9.  Heat  contents  of  still  to  68°C.  and  hold  for  one  hour. 
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10.  At  the  end  of  solution  period,  adjust  speed  of  agite  or 

t.o  RPM  desired  for  graining  step,  stop  agitation  and  allow 
to  coalesce  at  68°C.  for: 

5 minutes  in  10  gallon  still 
10  minutes  in  100  gallon  still 
1j  minutes  in  1,000  gallon  still. 

11.  Check  to  make  certain  lacquer  floats. 

12.  Toward  the  end  of  the  solution  period,  take  a sample  of 
the  lacquer  and  note  its  consistency.  If  material  is  too 
stiff  on  pulling  apart,  not  enough  solvent  was  used.  If 
material  is  too  rubbery,  too  much  solvent  was  used. 

13.  Start  agitation  at  speed  indicated  on  the  following 
schedule  for  graining: 


Schedule : 


*2 

# 3 

#4 

and  #5 

1,000 

qal  stil 

Time 

Temp. 

RPM  Time  Temp. 

"rpm 

Time 

Temp. 

RPM 

Time 

Temp  RPf 

Solution 

1 hr. 

68°C 

110  1 

hr.  68°C 

15C 

1 

hr. 

68°C. 

60 

1 hr. 

68°C  60 

Coalesce 

10  min 

68°C 

0 li 

0 min  68°C 

0 

5 

min 

68°C. 

0 

15min 

68°C  0 

Graining : 

1 hr. 

68°C 

1 

hr.  68°C 

1 

hr. 

68°C. 

1 hr. 

68°C 

39/25 

50 

50 

40 

3! 

25/17 

60 

60 

45 

5t 

17/fines 

80 

80 

50 

60 

Salt  Addn. 

1 hr. 

68°C 

1 

hr.  68°C 

1 

hr. 

68°C. 

1 hr 

68°c 

Shaping  «, 

2 lii  0 

6o°C 

<6 

xii'S.  68°C 

hrs 

ss°c. 

2 hrs 

68°C 

Dewatering 

Distilla- 

2  hrs 

First 

GS  2 

hrs.  First 

G6 

2 

hrs 

First 

OS 

2 hrs 

First  Gj 

tion  : 

Vapor 

Vapor 

Vapor 

Vapor 

2 hrs 

7 5°C 

GS  + 10 

1.5  hrs  80°C 

CS+2  0 

85°C 

CS+30 

Same 

Same 

Same 

90°C 

GS+4  0 

9 5°C 

GS+50 

1 hr. 

9 9°C 

GS+7  0 

99°C 

GS+70 

14,  After  coalesce  period,  dissolve  colloid  in  hot  water  and  add 
to  still. 

10  gallon  still  - 227  gms  colloid  in  800  ml.  H2O 
100  gallon  still  -1.5  ibs.  colloid  in  6 lbs,  H2O 
1,000  gallon  still  - 15  lbs.  colloid  in  60  lbs.  H2O 

15.  Continue  graining  period  for  one  hour. 
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16.  At  the  end  of  the  one  hour  graining  period,  add  salt 

to  contents  of  the  still  over  a one  hour  period.  Still 
level  at  this  point  should  just  permit  washing  of  still 
contents  over  skimmer  paddle. 

17.  Continue  to  shape  and  dewater  for  an  additional  two  hours 
at  68°C.  to  desired  RPM.  Sample  and  observe  the  batch 
from  time  to  time  and  make  notes  in  notebook  regarding 
size  and  shape. 

lb.  When  shaping  and  dewatering  is  completed,  start  heating 
the  batch  for  distillation  using  two  hours  time  to  raise 
the  temperature  from  68°C.  to  the  temperature  where  the 
first  vapor  starts  coming  off. 

(Note:  Be  sure  cooling  water  is  flowing  through  the 

cordensor  and  that  there  is  sufficient  room  in 
the  solvent  receiver  for  the  material  distilled 
from  the  still.) 

19.  When  the  first  vapor  starts  coming  off,  continue  with 
distillation  according  to  the  schedule  outline. 

20.  When  the  temperature  of  the  batch  reaches  99°C. , continue 
distilling  at  99°C.  for  1/2  hour,  then  cool,  and  wash 
with  three  cold  water  washes  to  remove  salt  and  colloid. 

21.  Drain  still  contents  into  barrels  for  wet  screening. 

22.  Turn  off  cooling  H2O. 
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APPENDIX  E 


BALL  POWDER  PREPARATION 
COATING 


Work  Plan 

Operating  Instructions : 
NG  Impregnation 
Deterrent  Coating 


WORK  PLAN 


A.  Coatings  - 

1.  Three,  fifty  pound  NG  and  deterrent  coatings, 
for  each  cut,  will  be  made  using  standard 
operating  procedures  to  make  WC  870  and  WC  846 
propellant. 

2.  One  hundred  pounds  each  of  WC  870  and  WC  846 
propellant  will  be  shipped  to  BAAP  for  testing. 
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OPERATING  INSTRUCTIONS 


NG  IMPREGNATION  - 100  GAL.  STILL 


1.  Check  still  for  cleanliness  - Run  clean  out  if  necessary. 

2.  Add  enough  water  to  still  to  check  dump  valve  for 
proper  seating. 

3.  Empty  solvent  receiver  to  make  space  for  condensed 
solvent. 

4.  Write  up  request  in  proper  book,  (D  or  N Log  Book) 

5.  Weigh  out  requested  amount  of  powder  using  powder  pyc, 
and  dump  into  still.  (Pyc.  factor  .391) 

6.  Kill  still  from  back  side  of  manhole  with  water  as  per 
Attachment  4. 

7.  Turn  on  agitator  and  adjust  to  140  RPM  and  add  colloid 
as  requested. 

8.  Heat  to  50°C.  and  hold  for  30  min. 

9.  Wergh  out  NG-EA  as  per  % requested  for  powder  following 
NG  Handling  S.O.P. 

10.  Add  NG-EA  to  still  over  1 1/2  hours  (max.  time)  as  per 
NG  Handling  S.O.P. 

11.  After  NG  is  in,  raise  temperature  to  65°C.  over  one  hour 
time  and  hold  for  four  hours  unless  otherwise  requested. 

12.  Sample  liquor  for  Q.C.  to  analyze  for  NG. 

13.  Start  vacuum  distillation  and  bring  to  11.5  inches  over 
20  min.  period  to  avoid  surging. 

14.  Raise  temperature  2°C.  per  hour  till  86°C.  is  reac  .ed  or 
as  15  below. 

15.  Start  R.S.  samples  for  Q.C.  at  76°C.  and  sample  each  hour 
till  Q.C.  cuts  distillation. 

16.  After  Q.C.  cuts  distillation,  cool  and  process  as  requested. 

17.  Make  sure  all  information  is  recorded  in  proper  log  book. 
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OPERATING  INSTRUCTIONS 
DETERRENT  COATINGS 


100  Gallon  Still 

10  Gallon  Still 

Water 

450  lbs. 

60  lbs. 

Colloid 

900  grams 

150  grams 

Wt.  of  Powder  (max.) 

125  lbs. 

20  lbs. 

Deterrent,  % 

As  Requested 

As  requested 

Temp . : E . C . 

8 6°C. 

86°C. 

DBP 

7 6°C. 

76°C. 

Agitator  RPM's 

140 

140 

1.  Heat  still  to  temperature  as  per  table  above. 

2.  Add  deterrent  emulsion  as  per  table  below  unless  otherwise 
requested. 

Deterrent  Emulsion 


Water 
Colloid 
Deterrent,  % 
Add  to  Still 


100  Gallon  Still 
20  lbs. 

2 lbs. 

As  Requested 
1 hour 


10  Gallon  Still 
5 lbs. 

5 grams 
As  Requested 
1/2  hour 


3.  Heat  treat  as  per  request. 

4.  Record  all  data  such  as  pick  up,  powder  bonding,  or  anything 
unusual  in  proper  "D"  book. 

5.  Cool  still  by  turning  off  the  steam  valve  and  opening  the 
water  valve  to  the  jacket  of  the  still. 

6.  Wash  powder  and  dump. 

7.  Turn  off  all  cooling  water  to  still  jacket  and  condenser. 
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Operating  Instructions  - Deterrent  Coatings 

8.  Label  and  process  as  per  request. 

9.  Clean  up  and  hose  down  area. 
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APPENDIX  F 


FINISHED  POWDERS 


TABLE  F-l 
F-2 

F-3 

F-4 

F-5 

F-6 


Powders  for  WC  870  Blending 

Propellant  Description  Sheet  X3492 
(WC  870  Speed) 

Balli  ;tic  Acceptance  Test  X3492 
(Wc  870  Speed) 

Powders  for  WC  846  Blending 

Propellant  Description  Sheet  X3491 
(WC  846  Speed) 

Ballistic  Acceptance  Test  X3491 
(WC  846  Speed) 
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TARI.F  F 


I'OWDKUS  FOR  Wi:  I 


RiIKC 

Stork 

F i nal 

lilant  ] t i i-.it  ion 

AG-3154 

AU20693-5 

Coa  l i mj  No . 

N 9219 

ut  y-  o t iMi . 

66.5 

73 

Cl  .uuil  ci t lori  ( in ) 

. 034/. 028 

_ 

Ava. Grain  Hi  a. 

0. 03J  8 

_ 

( i n ) 

Spaa . r,i  jvit  y 

1 . 51 

- 

(a  a v . Pans . ijm/ec 

0.031 

0.942 

l)i phony  1 amnia , * 

- 

- 

l)i  n i ti  ot  ol  nano 

_ 

_ 

* 

Chloi  ilia,  * 

0 

- 

I'j  duty  1 plit  ha- 
lata,  * 

5.20 

Ni  t i ag  lyeo^i  na 

9.5  3 

I'ot  ass  linn  Ni- 

t I ,lt.O  , % 

0.  t>b 

Tin  lUoxida,  U 

0.  84 

M f.  V , * 

0.97 

1 


37  o bi.fnih  nc 


Hast* 

Slock 

F i n,i  1 
1’owdai 

Ha  hu 
Stock 

Final 

Powder 

AC- 3156 

AH20706-8 

AG- 3 156 

AR207 17-10 

N 9237 

N 9821 

65 

73 

25 

27 

.('34/.  028 

- 

.034/. 028 

- 

0.0299 

- 

0.0299 

- 

1 . 518 

- 

1 .518 

- 

j 0.918 

0.900 

0.918 

0.901 

1.3 

1.0 

- 

0.17 

- 

0.17 

- 

0 

_ 

0 

- 

0.1 

6.36 

i 

1 

6.15 

- 

4.98 

- 

9.05 

0.97 

0.54 

1.00 

0.68 

0.82 

1 . 01 

i 

j 


1 

i 


TAIil.K  T~J 


co  fo*m 

’5Arr  52 


1205 


QtDNANCf  COBfS 

PROPELLANT  DESCRIPTION  SHEET 


VvfMI  rtf  d>1  00  FO"n  'J04 
1 Jul  **  ^h.fh 
<i  ob wsl#** 


U.S  Aittiy  I.ot  N'n.  X 34  *>2 


AB20  7 35 


( Composition  N'o. 

-3 


M ft ftu f t w i oil  al 
C ontract  N«' 


For. 

Ijadq.M 


2 0mm 


Acr<  |.i.  .l  (Nni.i  __ 


Q)m  I'.'rp . , St.  Marks,  F]  ■ p«rVrd  W.^-m  .14  Iba . 

lint,  n.v  M1  ]'-,,39H^  , Api  • * 1 , 1969 

NrTROCKM.lll.oSK  5 Ahum  id  713  (TTvTTmI  Kelt . 5,1  972*. 


. _ IU  gw  i nn  ClQlLl4.Bli_jdut.tid  -3/10/ 

Hlt'iul  » > t rework,  material 


Kitioccn  1‘nntmt 


Maximum 
Minimum 
Average  - 


K.  1.  Starch  Tost  < r. T»  F*  * <’  ) 

Maximum  Mum. 

Minimum  . Mins. 

Avrracf . _ _ M m-< 


Stability  Tc*t 
Maximum  _ . - . _ 

Minimum  . 

A Verier 

F-xplnsinn - 


_Min« 

Mins 

.Mini 

M in* 


MANUFACTURK  OK  I'KOpr.I.LANT 
Total  weight  111  iiiilvrnt  per  pound  Nf  ... Consisting  uf 


.fiminiU  alcohol  an. I 


TMtrs  -i  '] 

tvS-bOl.WNT  RF.roV*  RY  AM3  PKMSi. 

i YnTfs ~ 

f.o.n 

1 , 

" r.,» 

hour* 

i 

i 

1 

. _ 

'the  followim:  analysts  aw  an  a vu  rat;,;  til  two  tfs(s| 



TLSTs  or  HN'IMIH;  rpi'l'HlANT 


COMPOSITION 


Mir  j Jntpr 

jJLjlll 


jQ  1 H; 


U0|- 


fiUiiljlllb1'1!!!!  _ 

jlbiit  i i-SilVfV  ~ ■ I 

1 >1  plll'llN  1. 11111111*  _ 1_J_ 

I )i  butyl  | >lil  h.il.itf  i_b.  40' 

Mcihib CUlontlf  i:\n-.  n r,  34. 

. .KiU’iu.-.uUuli't.f  ; (> t j 

.l-.i  till.  V I '.HjJ  •.■.? 

Moist  uru  s _V  u lit t iJLo s 

H f s itln.. I Jnoltt'td 

( ,ll  l illl  1 1 t ,i  I'boita  to  I 


.STAIIIl  111  AMI  PHVSlt  AL  'll  Ms 


17.tr  C boat  test,  s.  r. 


![  Oust  *,•  i-uri 


JOtipliiUL 


’ Mi. 

Impr 

S.  1*. 

ETD  ml 

a. 

300+m 

in- 

,i. iW- rial  i 

fit  J 

0.12) 

-C 

0. 551 

bl 


BEST  AVAILABLE  COPY 


taiu.i:  1-  3 


BESi  AVAILABLE  COPY 


BALLISTIC  ACCEPTANCE  TEST 
FOR 

SMALL  ARMS  PROPELLANT  POWDER 

Ml  l.-l’- 3l*H4l'.  rf.it  i'd  Api.  3 ),  1909  f.  Amend.  #4  dated 
lei..  1 ■> 7 6,  IUawiiiH  C'10‘j34W13  dated  Sept.  30,  1 

TESTEO  IN  ACCORDANCE  WITH  SPECIFICATION  ___ 

PROP  ELL  AMT  POWDER  I CUM! 


OLIH  MATHIE SOM 
CHEMICAL  CORPORATION 
N~  

St  , M.i  i K :i , 1 ' ] ■ 

Mm  Wt.  o(  Lot  ^ ** Lb 

'> ')  '■ . 0 


Barv»l  Length 

h«  od  Spue* 

Tlm«a  F lr«d 


VEL.  rBESib 
RIFLE  CAGE 


GUN  OR  MO. 

GAGE  OF 

KU4ZK  RD1 


CORRECTED 

MEAN 

velocity 

AT  „FT. 


CORRECTED 

PRESSURE 


VARIATION  IN 
VELOCITY  AND 

CHAMBER  Milk 


1 1/10/70 


ACTUAL 

AVE.  CO*IL  AV 


J 


.' 0 J<o und s Action  Time 
Sfofed  al  Fired  at 

7 0*"V . 7 0‘V. 

-bW.  -6&°K. 


Max.  Ind. 
2.72 
3.04 


STANDARD  REFERENCE 
CARTRIDGE 


0-0100 


Sfondqjd  F IHnp  ___ 
CorrRCtlyn _ 

TMIJ  LOT  PROP  ELL  ANT  POWDER 


THE  BALLISTIC  TEST  REQUIREMENTS. 


(SttHMvn) 


tOVERHMENT  OFFICIAL 


( Slfnaf.ira) 


TECHNICAL  DIRECTOR 


OB.lBft  «•..  I 


'ABLE 


BEST  AVAILABLE  COPY  ,, 


CO  fUfiM 

n Ap.  s?  131)1 

TJ  Army  I ot  No.  X 34  9 


CMONANCF  COWS 

PROPIUANT  DESCRIPTION  Sum 


Sup*'mAm  00  Fo'm  * W* 
4*1*4  1 Jut  49  w*wh 


TJ  M Ar,«y  lot  No  XJ49.1  TTmpoMtmnNo  7.62mm. — 

_ AH20736-4 badger 

M.rjf.-t,,,,.,!  01  in  Corp.  , St.  Ha  r , ~l-"1  h ■ ~ plrw  H'nthi  J bp.- 

<il  - Dali  __  spW,fT...,.B  „f  Aj»  -1  3,1969 

NlTROCM.im.osi-:  6 Amend.  #4  dated  Feb.  5,1972 
.tti-pi.,1  I.i.n.i,  |N.„  ) . ..  ill  aw  i ng  CiOSiaiaA.  -d»Wl- V/37/7 


Nili  ■♦urn  Content 


M*  kintuni 
Mtnnmmi 

A VC <•»/,!• 


. liiau: 

lend  of  icwork  malon.u 

I K I Surth  Tr*t  (rt.'i  5*  C 
Maximum - M n 


Minimum 

Avencf  _ 


__Hms  Minimum 


Stability  Tot  * l.'lj"  t*  ) 

Maximum  - . .—  — - Mim 

Minimum Mm* 


UA NuK ACTIIRF  Or  I'UDI'KI.I.ANT 

worm  nf  solvent  pet  pound  NC  Conaiatir.K  of 

voundi  ft  bar  |-«t  1 50  pound  anlvent-  IVrciTtagr  of  remix  to  whole  _ 

Tr\l!*s  "i  : — 

- — - 1 process  solvent  rfcuvi  ky  ami  dkyim. 


A vrrace - - - - 

Kxnlnamn  _ _ 


pounds  alruhul  an«i 

' 7 1 u r s 


• oiutitUMi  j F-rmulj  j Ml.  j jj 

NiJ  ri - ; d_y_u rid u_ ! ifl  ■ (1  ‘i  | 1 ?.()"  (■  heat  test.  _S 


IhmU . j0 . 1 1 |l  FxplMior 3Q_QjL 

Dipi.anyi.iinuu'  i _ .Qj  Bi j[  Dust  ft  Koreinii  Material  0.04 


Mir  l»»pr 

70  mini 

i300i  min. 


_ .Pipi.enyiaimiie  _ i j(  Dust  i 

111  Im1  v I iinthniuU-  _ _|4..»_38  1 1 lira  pi 

’ ilelliyK/nr.  (JhlurUUt  KM rjkaill .1 II— 

. .Hit i U ul osc  . . . _8  5 . 1 7 j l|—  


d'ojt-l  1 Volatiles J.  . Id  1 Grav.  density,  or  pounds  per  cu.  fl~ 

Min  ::1  n ri-  i\__VolauU'S n . 75  ' Tin  Dioxide 

KviL'  L"  ■ L 1 b ! "l  veil!  | 0.73  I 

C :.iK  in m i .i  r lioii.it  o_  i 1 0.03  | 


.oao - 

. -33& 


Nitroicn 


"Sodium  Sul  fain  __  'a.  . q nij1 - ■ • - . ... 

“ “ " * * •'  "UNIMOli  r.U\!N'“ 

: DIF  ! 1 1 m III  ■>! 

r.ii.Ms  in  Ml  I (iNi  liKS)  ! — „ ; ; — — 




W.AN~*A  klTflTrTi‘\ ■ iTkTT  NT 
_ i ip  HJ_.\N  t»1\iF  Vvi.i\- 

M4nuU.  «Utrr  I l»%p*  Iltt 


I^nitth  if-}.--  

Diameter  (D) — 

Diameter  vf  perforations  (d)_ 
£ Innrr  


\ Open  nip 
II.  S.  It?  0 
23 
30 


^ } Outer. 

j Average 

V Calculated  __ 


Difference  between  Inner  and  outer  web 

in  per  cent  of  web  average 

L:D  (Y) 

IT  :d  (XI  


"u  R etaine 

! 

2.41 

9.02 

41.32 

39.87 

6.21 

0.90 

0.35 

100.081  ! 

Unnsn 
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BEST  AVAILABLE  COPY 


BALLISTIC  ACCEPTANCE  TEST 
FOR 

SMALL  ARMS  PROPELLANT  POWDER 


TFSTED  IN  ACCORDANCE  WITH  SPECIFK  • TON 

•IPELLANT  POWDER 

-IN  MATHIESON  V 

CHEMICAL  CORPORATION  -*.1 

L.I  Ha.  X-3491 IniI.ii  N*.  — _ 

Mad.  m St . Murks  . FI . Bott*I  Ma.  


NM  Wi.  cl  Lai 

Chary*  

Air  V°t«  


11/21/70  _t!» 
IN- 
ACTION TIME  I 
(MILLISECONDS) 


N*. 

l Ms. 

Lbk,  Bott Length 
Cr.  HsmI  lp«c« 
Ini.  Tim**  Flr*d 


GUN  OR 

NO. 

GAGE 

OF 

s 

! 

RDS. 

4 i 

X 

' 1 

20 

UK.  . X-.34  91_ 

CMlW*t  31 l 

Ty»*  BALL 

D«l« 

PimI  FlrW  By  

Hand  Bl*nd  * 

M-8  0 BALI 

BJl*t  T r?« - - 

Bull*  w».  — 1A2 __  Ci 

PH«»  L£_ ___ 

CichrlKy*  C*.*  — ' J 


CORRECTED  CORRECTED  VARIATION  IN 
MEAN  PRESSURE  VELOCITY  AND 


VEL. 

RIFLE 

VEL. 

RIFLE 

PRESS, 

GAGE 

5 

5 

4 

4 

22“ 

22" 

i rc  3i 

- 

T$T 

...  .-455 

VELfiCITT 
AT  12 FT. 


CHAMSER  PRESS. 


MAIL 

IXTR. 

STb  DfV. 

4 9 

15 

"4  9 S 07 

nrTTTTT 

1464 

TEMPERATURE  TESTS 


PORT  PRESSURE  TEST 


AVE. 

MAX.  IND. 

NO.  OP  RDL 

STORED 

AT 

FIRED 

AT 

MAX.  IHD- 

pres*. 

VEU 

PR  ESS. 

PORT 

PRESS. 

NO. 

AOS. 

ACTUAL 

AVE. 

CORA.  AVE 

1.33 

1 . 38 

20 

-65°I 

-65°F 

56000 

-37 

1-4700 

20 

10578 

11178 

20  - 

125°l 

+ 125° 

F48Q00 

-7 

+ 100 

Chamber  Pressure  +3  SD=  51,992  psi 


FIRED  LOC  HUMBER 

Staijiwjljotlon 

11/71/70  Slar.dard  Flrlr.j 

. CofT}«tlon 

itandcwdlintlon 

1 1/23/76  Stondord  Fifing 

C*rr*ctl*n 

THIS  LOT  PROPELLANT  POWDER  — . 


|CHARGE  GUN  OR  GAGE  JJ®' 

GRAINS  NUMBER  up  AT  75— FT. 


STANDARD  REFERENCE 
CARTR1DOE 

"lC-V-I .62-903^ 

»igg 

Qi*wAir  Port 


I 1 f 1200  + t 

THE  BALLISTIC  TEST  REQUIREMENTS. 
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I 

Project  Manager  for  Munition  Production  j 

Base  Modernization  5 expansion 
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] 
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Badger  Army  Ammunition  Plant 
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Barahoo,  WI  5 391.3 
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Alexandria,  VA  22314 
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* 
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I 
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AT'l'N : Mr.  Ihiverzagt 
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01  in  Corporation  (2) 

St.  Marks,  II.  32366 

01  in  Corporat ion 
Winchester  Croup 
A'lTN : Mr.  H.  I'.  Palmer 
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P.ast  Alton,  IL  62024 
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